ABSTRACT A commercial yeast culture feed supplement (YC; Celmanax SCP, Vi-COR, Mason City, IA) was provided to turkeys throughout a 16-wk grow-out to determine if it would prevent the effects of stress on production and pathogen colonization. The YC was provided either continuously at 100 g/t (YC-CS) or intermittently during times of stress at 200 g/t (YC-IS). Birds were stressed with an environmental challenge of Escherichia coli and by transporting them in a vehicle for 3 h after which they were penned in new social groups, without feed or water, for an additional 9 h. Turkeys were transported and challenged at 6, 12, and 16 wk of age to model the movement of birds within a 3-stage housing system. The YC-IS was provided only for the first week after hatch and for a 1-wk period encompassing each challenge. At wk 7 and 9, a decrease in BW of challenged birds was prevented by YC-IS but not YC-CS. There were no significant differences in BW due to either challenge or YC during wk 11 and 13. At wk 16, the challenge decreased BW, but there was no improvement in either of the YC treatments. Overall feed conversion ratio (FCR) was increased by transport/E. coli (P < 0.0001). The YC-CS improved FCR of challenged birds by 21 points, whereas YC-IS improved FCR by 36 points and this effect was significant (P = 0.013). The YC-CS tended to decrease both Salmonella and Campylobacter isolation from the ceca of stressed birds (P > 0.05). The YC-IS also tended to decrease Salmonella isolation (P > 0.05) with no effect on Campylobacter isolation. These data suggest that the practice of transporting turkeys decreases performance and that YC-IS may be more effective than YC-CS for alleviating the effects of this stressor on feed efficiency.
INTRODUCTION
Growth-promoting antibiotics have been successfully used in intensive poultry production to modulate intestinal microflora and to compensate for the environmental, immunological, and social stressors that can be present (Roura et al., 1992; Dibner and Richards, 2005; Niewold, 2007) . These stressors can lead to changes in both the immune response and gastrointestinal microflora and physiology that make animals more susceptible to opportunistic pathogens (van den Bogaard and Stobberingh, 2000; Mathew et al., 2007; Verbrugghe et al., 2012) . Because of the widespread development of antibiotic resistance in human and animal pathogens, poultry producers are being encouraged by both legislation and public opinion to reduce or eliminate antibiotic use (Gilbert, 2012) . It is important to identify potential antibiotic alternatives to both protect the health and productivity of commercial poultry as well as prevent colonization with foodborne pathogens.
Several commercial products developed using dried yeast (Saccharomyces cerevisiae), which are often byproducts of beer manufacturing, have been sold in the human neutraceutical market and have been added to animal feeds for many years because of their protein and B vitamin content (Stone, 1998; Moyad, 2007 Moyad, , 2008 . Additionally, various extracts and fractions of yeast cell walls, mainly β-1,3/1,6-glucans and mannan-oligosaccharides, have been shown to modulate the immune system and accelerate gastrointestinal maturation, and may serve as alternatives to antibiotics for both growth promotion and disease resistance in animal production (Fritts and Waldroup, 2003; Guo et al., 2003; Sims et al., 2004; Zhang et al., 2005; Leung et al., 2006; Huff et al., 2006 Huff et al., , 2007b Huff et al., , 2010 Huff et al., , 2011 Solis de los Santos et al., 2007; Volman et al., 2008; Novak and Vetvicka, 2009; Soltanian et al., 2009; Yang et al., 2009; Janardhana et al., 2009; Morales-Lopez et al., 2009; Cox et al., 2010; Baurhoo et al., 2012; Ghosh et al., 2012) .
Many commercial turkey producers in the United States employ a management practice that involves transporting turkeys, often 3 times during the lifespan, to increasingly larger facilities. This practice allows more efficient use of space and increases farm income (EPA Ag Center, 2012) . Transport stress is also incurred at the end of production in all systems when birds are caught, loaded into trucks, and taken to processing facilities. The methods used in this study are an attempt to model the stress incurred during a 3-stage turkey production system. An environmental Escherichia coli challenge was also added as an additional stressor to simulate the exposure to this organism that is prevalent in commercial production. Roura et al. (1992) reported that an unsanitary environment lowered weight gain and feed efficiency compared with a clean environment due to immunologic stress. Adding growth-promoting antibiotics to feed prevented this effect. The ability of E. coli to behave as a stressor in poultry has been previously reported (Kendler and Harry, 1967; Butler et al., 1977) . We have also reported that both E. coli challenge and the stress involved in transporting turkeys is associated with an increase in the disease turkey osteomyelitis complex and also affects colonization with Listeria monocytogenes (Bayyari et al., 1994; Dutta et al., 2008; Huff et al., 2009 Huff et al., , 2010 .
Although much research has suggested that yeast products can be used to promote production in the absence of growth-promoting antibiotics, we have reported that continual feeding of unchallenged broilers with a yeast product, purified β-1,3/1,6-glucan, may lead to stimulation of innate immunity at the expense of production (Huff et al., 2006) . The objective of the present experiment was to evaluate both intermittent (200 g/t) and continual (100 g/t) supplementation with a yeast culture product for the ability to protect turkeys from the effects of transport stress and E. coli challenge on production parameters and pathogen colonization.
MATERIALS AND METHODS
One-day-old commercial turkey poults (n = 408), from hens that were in their first week of lay, were obtained from a commercial hatchery. All birds were wing-banded and brooded by feed treatment in 4 pens for each feed treatment for the first 5 wk. During wk 5, birds were redistributed into treatment pens with 4 randomized replicate pens/treatment as shown in Table  1 . Control and challenged birds were housed separately, in identical pens in the same building, with a solid wall partition dividing them. Birds were provided ad libitum access to water and a corn/soy diet that was formulated to meet or exceed the NRC recommendations (NRC, 1994) . The diet was formulated to decrease protein level and increase energy in 4 phases as described by Fritts and Waldroup (2003;  Table 2 ).
Treatment 1 consisted of turkey feed with no supplementation. A hydrolyzed yeast culture product (YC; Celmanax SCP, Vi-COR, Mason City, IA) was provided continuously at 100 g/t feed as treatment 2. Treatment 3 provided YC at 200 g/t feed but was only fed during the first week after placement as well as for a 1-wk period encompassing each of the transport/E. coli challenges. Transport stress was defined as the effects of catching and carrying birds into a transport truck, driving for 3 h, and then maintaining the birds in new pens and new social groups, without feed or water, for an additional 9 h. This movement of birds is common in commercial turkey production because the birds quickly grow too big to use the waterers and feeders that are appropriate for younger birds. The transportation process results in stress, and it may take hours for the turkeys to adjust to their new surroundings and find feed and water (Huff et al., 2007a) . Transport/E.coli challenge occurred at 6 wk of age and again at 12 wk and 16 wk of age to mimic industry practices with the final transport reflecting transport to the processing plant. During the week of transport, the transported birds were exposed to 3 separate environmental challenges with a nonmotile, serotype O2 strain of E. coli by holding the head of the bird and spraying the eyes and nose of each bird with 5 mL of a 5 × 10 8 cfu/ mL early log phase culture using a 1-L spray bottle calibrated for the 5-mL dosage (Huff et al., 2011) . This strain of E. coli was originally isolated from a chicken with colisepticemia. The early log phase inoculum was prepared by adding 2 inoculating loops of an overnight culture on blood agar to 100 mL of tryptose phosphate broth and incubating for 2.5 h in a 37°C shaking water bath. The culture was held overnight at 4°C while a standard plate count was made.
Birds were weighed at time of placement, and at wk 1, 3, 5, 7, 9, 11, 13, and 16. Feed consumption and feed/gain ratio (feed conversion ratio; FCR) was determined. Mortality was collected twice daily and weighed. The European performance efficiency factor (EPEF) was calculated using the following formula: BW (kg) × % liveability × 100/FCR × trial duration (d).
At the termination of the study (wk 16), 3 birds/ pen (12 birds/treatment) were necropsied. The ceca of each necropsied bird was cultured using sterile transport swabs (Bacti-swabs, Remel Inc., Lenexa, KS) and was directly plated for presumptive Salmonella colonization on BBL CHROMagar Salmonella and for Campylobacter colonization on Campy-Cefex agar (BD, Franklin Lakes, NJ) using the manufacturer's recommended procedures (http://www.bd.com/ds/ productCenter/214983.asp; http://www.bd.com/ds/ productCenter/292487.asp). Mauve-colored colonies were isolated from CHROMagar plates and subjected to Gram staining for presumptive Salmonella identification. Translucent colonies were isolated from CampyCefex plates, and phase contrast microscopy was used to confirm typical Campylobacter morphology and motility.
Data were analyzed as a 3 (feed treatment) × 2 (stress challenge) factorial with pen as the experimental unit using the GLM procedure of SAS software (SAS Institute Inc., 2009). Significant mean differences among treatments were separated using the least squares means procedure. Unless otherwise mentioned, a P-value of ≤ 0.05 was considered significant.
RESULTS
There were no significant differences in BW or gain due to feed treatment during wk 1, 3, and 5 (data not shown). There were no differences in feed consumption or FCR during wk 1 to 5 (data not shown). At wk 6, the day after transport, the mean BW of birds from the transport/E. coli stress treatment (2,426 g) was significantly decreased compared with control birds (2,592 g; P < 0.0001), but there was no effect of feed treatment (P = 0.95). At wk 7 (1 wk poststress), all birds were weighed and the significant decrease seen in the control-fed birds (treatment 1) submitted to the transport/E. coli stress challenge was prevented by the intermittent YC supplementation (treatment 3) but not by continual supplementation (treatment 2; Table  3 ). At wk 7, transport/E. coli stress significantly decreased BW gain (P < 0.0001); however, there were no effects of feed treatment (data not shown).
By wk 9, the difference in BW between the nonstressed control birds and the transport/E. coli birds was not significant; however, intermittent supplementation with YC (treatment 3) significantly increased BW compared with nonsupplemented birds (treatment 1) given the same challenge (Table 3) . During wk 9, BW gain was decreased by transport/E. coli (P = 0.001) only in the control-fed birds (data not shown).
At wk 11 and 13, there were no differences in BW due to either stress or feed treatment (Table 3) . However, stress significantly decreased BW gain in both wk 11 (P = 0.03) and wk 13 (P < 0.0001). During wk 13, main effect mean (MEM) BW gain was significantly increased by continuous YC supplementation compared with control-fed birds (P = 0.03; data not shown).
At wk 16, the transport/E. coli challenged birds had significantly decreased BW compared with the controls (Table 3) , and BW gain was also decreased by the stress treatment (P < 0.0001). There were neither positive nor negative effects seen on BW of the nonstressed control birds due to YC supplementation. Week 16 BW gain of stressed birds was increased by continual YC supplementation (P = 0.05), whereas intermittent YC supplementation decreased BW gain of nonstressed birds (P = 0.02; data not shown).
Overall FCR was significantly increased by E. coli/ transport (P < 0.0001; Figure 1 ). The YC supplementation continuously improved FCR of the transport/E. coli birds by 21 points, whereas intermittent supplementation improved feed conversion by 36 points and this effect was significant (P = 0.013, Figure 1 ). Overall mortality was significantly increased by transport/E. coli (P < 0.0001, Figure 2 ). However, YC treatment had no effect on overall mortality. Continuous YC supplementation improved the EPEF of transport/E. coli birds by 9.8%, whereas intermittent supplementation improved EPEF by 11.7% (P > 0.05; Figure 3) .
The transport/E. coli challenge significantly decreased MEM percent isolation of Salmonella from the ceca relative to nonstressed birds (P = 0.01) and sig- Table 3 . Mean ± SE BW (g) at wk 7, 9, 11, 13, and 16 of turkeys fed a control diet (treatment 1), the same diet continuously supplemented with 100 g/t yeast culture ( Means in a row with different superscripts are significantly different (P < 0.05).
1 Transport/E. coli stress was implemented at 6, 12, and 16 wk and included catching, placement in a transport vehicle, driving for 3 h, and holding for an additional 9 h without feed or water. Birds were placed into new pens with different social groups and were additionally exposed to an environmental challenge with E. coli. nificantly increased MEM percent isolation of Campylobacter (P = 0.01, Table 4 ). Transport/E. coli stress did not affect Salmonella isolation from the ceca of control-fed birds but did increase Campylobacter isolation. Continual YC supplementation tended to decrease both Salmonella and Campylobacter isolation from stressed birds (from 33 to 8%, P = 0.17 and P = 0.06%, respectively) but not from the nonstressed controls. Intermittent YC supplementation also tended to decrease Salmonella isolation from 33% in control-fed, stressed birds to 8% in supplemented stressed birds (P = 0.17) with no effect on Campylobacter isolation. There was a significant difference between the nonstressed and stressed birds fed treatment 3 (P = 0.008; Table 4 ).
DISCUSSION
The results of this study strongly suggest that the practice of transporting turkeys during production can significantly increase FCR and that supplementation with YC protected the stressed birds from much of this loss of efficiency. Because feed cost has been estimated to account for about two-thirds of overall production costs (Lemme et al., 2006; Case et al., 2012) , this may be an important reason for re-evaluating the cost-benefit value of transporting turkeys during the production cycle. Supplementation with YC, either continuously or intermittently, did not have positive or negative effects on BW of the nonstressed control birds.
In a previous study using this transport stress/E. coli model (Huff et al., 2010) , we failed to see any improvement in production values after the first week due to supplementation with a yeast extract product. We believe this was because historically this model was developed to increase disease incidence using a relatively high protein starter diet (approximately 24%), which was fed throughout the entire study. However, in the present study protein concentrations were decreased over time to mimic commercial turkey diets. Because nutritional requirements may increase during stress, the transport/E. coli birds had significantly decreased production values and the addition of YC may have provided the supplemented birds with an advantage.
We previously reported that limited (7 d) supplementation with a purified yeast β-1,3/1,6-glucan product was more beneficial for decreasing broiler chicken production losses due to E. coli respiratory disease than was continuous (25 d) supplementation (Huff et al., 2006) . However, the immune stimulation provided in the previous study by either 7 or 25 d supplementation with this yeast product also resulted in decreased production values in the unchallenged control birds. These products can upregulate the innate immune response, particularly heterophil oxidative burst activity (Lowry et al., 2005) . In previous studies supplementation of turkeys with a yeast extract product led to an enhancement of heterophil oxidative burst activity (Huff et al., 2010 (Huff et al., , 2011 . It is well known that such upregulaton of innate immunity can have high energy cost and that the immunological stress resulting from exposure to environmental bacteria or their products can result in decreased growth (Klasing et al., 1987; Roura et al., 1992) .
Transport of poultry has previously been associated with an increase in carcass contamination with both Salmonella and Campylobacter (Rigby and Pettit, 1980; Table 4 . Presumptive isolation 1 of Salmonella sp. from the ceca (Ceca Sal), and Campylobacter sp. from the ceca (Ceca Campy) at wk 16 necropsy of turkeys fed a control diet (treatment 1), the same diet continuously supplemented with 100 g/t yeast culture (treatment 2), or supplemented with 200 g/t yeast culture only during the first week after hatch and during times of transport/Escherichia coli stress 2 (treatment 3) Stern et al., 1995; Line et al., 1997; Slader et al., 2002; Wesley et al., 2005 Wesley et al., , 2009 Humphrey, 2006; Marin and Lainez, 2009 ). In the present study, transport/E. coli stress did not significantly increase isolation of Salmonella from the ceca of control-fed birds. However, both YC treatments decreased the percentage of isolation from the stressed birds but not from the control-fed birds. It is well known that stress has biphasic effects on the immune system of poultry and can both suppress and enhance responses depending on the type and especially the degree of stress as well as genetic variation in the host (Siegel, 1995) . The increase in percentage of heterophils in peripheral blood and the oxidative burst activity of those cells seen in previous studies as a result of both transport stress and yeast extract supplementation resulted in decreased bacterial colonization of both liver and air sac relative to nonstressed turkeys (Huff et al., 2010) . This suggests that both transport stress and yeast extract function as a moderate stressor that can help to modulate the oxidative stress response of turkeys and in combination may have bactericidal effects. In the present study, cecal Salmonella colonization may have been affected by the increased inflammatory response generated by the combination of YC and the transport/E. coli challenge. Campylobacter colonization was increased from 0 to 33% by transport/E. coli challenge of control-fed turkeys and was only decreased by the continual supplementation with YC. This suggests differences in the response of these 2 organisms to the host stress response.
In conclusion, this study demonstrates that there can be a significant decrease in BW and increase in FCR as a result of transporting turkeys at the ages they are generally moved to new housing facilities in a 3-stage grow-out system, particularly when the birds are also exposed to E. coli in the environment. Yeast supplementation improved FCR of transported and challenged turkeys with intermittent supplementation of 200 g/t during times of stress being more effective (35.8 points decrease) than continual supplementation of 100 g/t (20.8 points decrease). In addition, intermittent supplementation would be far more cost effective because less product is required.
